The primary purpose of this article is to provide a broad overview of the research on the long-term effects of childhood risk factors on cardiovascular diseases (CVDs) during adulthood and to outline recommendations for prevention of CVDs based on evidence-based interventions (EBIs). CVDs are the leading cause of death and a major cause of disability in the United States and globally. Risk factors for CVDs are already identifiable in children and youth, and include both modifiable factors (e.g., unhealthy diet, physical inactivity, tobacco smoking), and factors that cannot be changed (e.g., age, heredity, sex). A fundamental issue has been the severity of the longterm effects of childhood risk factors (i.e., behavioral and intermediate risk factors) on subsequent cardiovascular health. It is clear from the empirical evidence that risk factors for CVDs can develop during childhood and adolescence. These risk factors in childhood have been linked to adverse health outcomes, including CVDs, during adulthood. The findings thus far suggest that, in order to be effective and reduce the risk of adulthood CVDs, intervention strategies should begin during childhood. The findings also underscore the importance of adopting a healthy lifestyle as early in life as possible.
Cardiovascular diseases (CVDs)
Globally, CVDs are the leading cause of death and a major cause of disability in adults. 1 An estimated 17.5 million people died from CVDs in 2012, representing 31% of all global deaths. More than 3 million of these deaths occurred before the age of 60 and could have been prevented. 1 In the U.S. alone, nearly 787,000 people died from CVDs in 2011, and it has remained a key source of rising healthcare costs. The American Heart Association calcium) have a significant influence on the risk of CVDs. [23] [24] [25] [26] [27] Children who consume large portion-sizes, more calories than they burn, and high-energy-dense foods gain excess weight and body fat and increase their CVD risks. 23 For example, the Cardiovascular Risk in Young Finns Study demonstrated that healthful dietary patterns developed early in life and the cardiovascular health benefits accumulated from such patterns track into adulthood. 18 Similarly, findings from the Amsterdam Growth and Health Longitudinal Study, an observational study with a long follow-up period of 23 years, suggested that adherence to a Mediterranean dietary pattern and higher fiber intake are associated with less stiff arteries in adulthood. 28, 29 
Physical activity
There have been an increasing number of reports that have examined the impact of youth physical-activity and change in physical-activity between youth and adulthood on adult preclinical vascular measures. From the Young Finns Study, Juonala et al. showed that higher physical activity in youth is associated with reduced carotid intimal-medial thickness (CIMT) progression over six years in adulthood. 19 In the European Youth Heart Study, higher youth levels of objectively measured moderate and vigorous physical activity at a mean age of 15-years were associated with reduced arterial stiffness 12-years later. 30 Interestingly, those who maintained a stable physical activity level or had a small increase in moderate and vigorous physical activity from youth to adulthood tended to have reduced arterial stiffness as adults independent of other lifestyle factors. 30 Though additional work is needed to elucidate all the complexities of intensity as well as the association of sedentary behavior independent of physical activity levels on adult vascular markers, these data do point toward the benefits of childhood physical activity on long-term cardiovascular health.
Active and passive smoking
Recent studies have highlighted the importance of preventing smoking and exposure to environmental tobacco smoke in children because of its direct association with CVD risks. Active smoking in adolescence is associated with increased CIMT and decreased carotid artery elasticity in young adulthood. For example, Raitakari et al. showed that CIMT in adulthood is significantly associated both with smoking in childhood and with adult smoking status. 21 Similarly, a cohort-study of 732 young adults by Geerts et al. showed that exposure to tobacco smoke from parents induces vascular damage in offspring in early adulthood. The same study found that the exposure of cardiovascular system to tobacco smoke in utero was associated with the vessels being more vulnerable later in life. 31 Similarly, environmental tobacco smoke in childhood has been linked with risk factors for and CVD processes (e.g., dyslipidemia, impaired endothelial function) in adulthood. 32 Therefore, the prevention or cessation of tobacco use could have a significant implication on cardiovascular health promotion and risk reduction among adults.
Obesity
Obesity is associated with a number of cardiovascular risk factors, such as hypertension, dyslipidaemia, and diabetes mellitus. 33 Furthermore, childhood obesity is associated with an increased all-cause adult mortality. [34] [35] [36] [37] Likewise, studies of the effect of obesity measured in childhood and adolescence on future cardiovascular mortality have also shown a positive relationship. [38] [39] [40] [41] [42] , Ferreira et al. found that the roots of the association of body fatness and body fat distribution with large artery structural and functional properties at age 36 was already present in adolescence. 11 Similarly, the Muscatine Study by Davis et al. found that higher CIMT in young and middle-aged adults was associated with childhood cardiovascular risk factors. 43 The Young Finns Study showed that higher BMI measured in childhood was significantly associated with CIMT, measured in adulthood. 21 Another prospective study by Tirosh et al. found that an elevated BMI early in life was associated with an increased risk of CVDs in adulthood. 20
Blood lipids
There has been a considerable amount of evidence that support the association of adverse levels and patterns of lipids and lipoproteins to the development of CVDs later in life. For example, in the Muscatine Study, a longitudinal study that looked at risk factors for CVDs in school age children and adults, carotid ultrasound in adults indicated that CIMT was positively associated with levels of TC measured in childhood. 43 Similar results were witnessed in the Bogalusa Heart Study, in which childhood low density lipoprotein cholesterol (LDL-C) were found to predict increased CIMT in adulthood. 44 In the Young Finns Study, a population-based prospective cohort-study, associations between risk factor exposures in adolescence, including LDL-C, predicted CIMT in adulthood independently of adult risk factor levels. 21 Therefore, evidence is mounting that the risk factors begins in childhood and is associated with the same CVDs risk factors that are well established in adults.
Blood pressure
Elevated blood pressure has been established as a very convincing risk factor for CVDs in children and adults. 23 In addition, presence of hypertension in children and adolescents has been linked with a range of CVDs in adulthood. For example, Daniels et al. showed that 8% of children and adolescents with hypertension already had left ventricular mass index elevated to a level associated with a 4-fold increased risk of CVDs in adults with hypertension. 23 These results underscore the clinical importance of blood pressure elevation in children and adolescents. In the Muscatine Study, Davis et al. demonstrated that childhood diastolic blood pressure was significant predictor of CIMT in adult males. 43 Similarly, the International Childhood Cardiovascular Cohort Consortium showed that individuals with consistently raised blood pressure in childhood had significantly increased likelihood of developing of carotid atherosclerosis. 22 The Young Finns Study found that systolic blood pressure measured in childhood and adolescence was inversely linked with adulthood brachial artery flow-mediated dilation (FMD), an indicator of endothelialfunction. 45 Much of these compelling historical data reinforcing the association between childhood risk behaviors and preclinical vascular markers came from epidemiological studies which followed participants for a significant period of time (e.g., childhood through early adulthood) to observe which behavioral factors contribute to the development of CVDs. Collectively, such studies have played a key role in the understanding of multifactorial origins of CVDs in adult life and developing specifically-tailored interventions for CVDs prevention.
Reducing the burden of CVDs: Evidence and future recommendations
The evidence that CVD risks may be initiated in childhood requires risk factors to be widely explored during this period, with the aim of designing earlier and more effective preventive strategies, reducing morbidity, and mortality in adult life. Therefore, based on existing evidence, we suggest holistic population-based approach of reduction of morbidity and mortality from CVDs through changes in modifiable risk-related behaviors, primarily highfat and high-sodium diets, sedentariness, and cigarette smoking beginning in childhood and continuing through adulthood. 23, 25, 26, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] Because dietary habits and food preferences are established in early childhood, it is important to intervene early to improve nutritional patterns of children and adolescents. Clearly, improvements in dietary patterns and physical activity and maintenance of a healthy weight throughout childhood and adolescence are likely to prevent the development of CVDs in children and subsequently in adults. 23 Therefore, interventions should emphasize individual adherence to prudent dietary patterns of low total and saturated fat (i.e., diet containing omega-3 fatty acids) and cholesterol; to provide child with more fruits, vegetables, fiber, and fat-free or low-fat dairy; encourage the consumption of less dietary salt and sodium and limited or no intake of sugar-sweetened beverages; and control of portion sizes in early childhood and throughout adolescence. [24] [25] [26] [47] [48] [49] [50] [51] [52] [53] [54] 57 At an individual level, healthcare providers should evaluate a child's level of physical activity and sedentary behaviors at each well-child visit at a minimum. If needed, they should provide age-appropriate recommendations (taking into account child and family's preferences and resources available) for increasing the child's involvement in physical activities and limiting sedentary behaviors. Time spent taking part in age-appropriate sports should also be highlighted, along with time spent in school or day-care physical education.
Beginning early in life and extending through adolescence, parents are instrumental in influencing their child's behavioral practices. 58, 59 Parental role modeling of physical activity and health eating behaviors is important in promoting such behaviors among children. Parents should provide their child with the ability and opportunity to make health eating choices and should be involved in child dietary intervention to mitigate risk. 60 Furthermore, parents should encourage their children to participate in physical activities (both at home and school), and they should engage in such activities, particularly with their children. Furthermore, interventions can focus on using age-appropriate behavioral change strategies, as part of individual and family counseling, specifically designed to increase levels of physical activity and to decrease sedentary behaviors. 23 Evidence supports the need for both individual and population-based approaches for the prevention of smoking initiation and interventions for smoking cessation for children, youth, and adults. 55 Parents and guardians should make sure to maintain a smoke-free home environment and to avoid exposure to secondhand smoke (SES) in other environments. Schools need to focus on assessment of smoking status with clear, firm and consistent messages about the importance of remaining smoke-free. Interventions should also deliver nonsmoking messages in clinical encounters through educational materials in the clinical/ office-based setting and advocate for efforts designed to reduce smoking initiation in community-based settings.
Prevention of obesity, optimizing cholesterol levels, and managing dyslipidemia in childhood and adolescence should remain a priority for CVDs risk reduction during adulthood. At an individual level, children should have their weight and height measured and BMI calculated at every visit with the healthcare provider. Parental obesity, family medical history, BMI trajectory, and CVDs risk factors needs to be considered in the management of weight and in CVDs risk reduction. The population-based interventions should focus on activities to prevent excess weight gain and to promote optimal lipid levels through lifestyle modifications that include healthy diet, adequate physical activity, limited screen time. 23 Dietary recommendations for children and youth should emphasize on a balanced caloric-intake with sufficient physical activity to achieve a normal weight and increased consumption of fruits, vegetables, whole grains, fish, and low-fat dairy products. 43 Individuals at-risk because of family history of CVDs or presence of elevated levels of LDL-C should be offered or placed on therapeutic lifestyle change, with an emphasis on an adequate trial of dietary therapy and increased physical activity.
Using policy, systems, and environmental (PSE) change to combat CVDs
The PSE changes in neighborhoods, schools, workplaces, transportation systems, and healthcare settings play a significant role in shaping health behaviors of individuals beginning from childhood through adulthood, which eventually determines health outcomes (i.e., CVDs). 56 Access to affordable fruits and vegetables, design of sidewalks and bike lanes within communities, and smoke-free policies in workplaces and businesses directly increase the likelihood that children and parents eat healthy and nutritious food, walk to school or work, and avoid exposure to second-hand smoke. PSEs in communities that make healthy choices easy, safe, and affordable can have a positive impact on the way children and youth live, learn, work, and play. 61 Furthermore, partnerships with community leaders in education, government, transportation, and business are essential in creating sustainable change for children to practice health behaviors and thus reduce the burden of CVDs in adulthood.
Conclusions
A growing body of evidence shows that risk factors for CVDs can develop during childhood and adolescence. When risk factors develop at an early age, they are likely to continue over time, maintaining a high-risk status. This pattern has been linked to adverse health outcomes, including CVDs, during adulthood. Thus, because the development of CVDs has its origins in childhood, approaches to prevention must be directed at the developing child and adolescent. Although this is challenging, it can be achieved by promoting healthy behaviors and minimizing behavioral risk factors through individual behavior change, and instituting and maintaining optimum health behaviors early in life through PSE changes. Although substantial progress has been made in terms of understanding the risk factors of Shrestha CVDs and reducing CVDs mortality rates, considerable opportunity exists for further reducing CVDs and its complications by improving and applying health behavioral interventions early in life. Future research needs to be done to examine the molecular pathway of how childhood behaviors impact cardiovascular health later in life. Furthermore, additional research needs to be carried out that is directed at developing, testing, and assessing cost-effective interventions, particularly focused at improving health behaviors among children and youth. Moving forward, the identified EBIs should be incorporated into larger health systems and policies that positively affect cardiovascular health at the population level.
